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ABSTRACT
Variation in the otolith weight to standard length relationship of
anchovies reveal that southern and central Baj a California, northern
Baja California (Mexico) to central California (U.S.A.), and northern
California contain distinct groups of anchovies. A quantitative measure-
ment of these differences was determined between fishes from these three
areas. The degree of overlap (probability of correctly classifying a
sample of fish from the otolith-standard length relationship) was
highest (.82) between northern California and southern and central Baja
California.
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INTRODUCTION
The northern anchovy, EngY'auZis moY'dax.. occurs from Queen Charlotte
Island, British Columbia, to Cape San Lucas, Baja California. Fishery
researchers have used various methods to separate the anChovy resource
into subpopulations. Hubbs (1925) reported a variation in vertebral
count among anchovies from southern and central California. McHugh (1951)
concluded from an analysis of five meristic characters that there were at
least three subpopulations of anchovies along the Pacific coast of North
America. Miller (1956) working with size and age composition of commer-
cial and live bait catches suggests the complete separation of southern
and central California populations. Vrooman (pers. comm.) found three
subpopulations of anchovies along the Pacific coast of North and Central
America based on morphometries and blood genetics.
The Department conducts routine sea survey cruises off Baja California,
Mexico. While on one of these cruises, I noticed that anchovies collected
off Baj a California appeared to have larger otoHths in relation to fish
size than anchovies collected further north. With this in mind, I collected
and weighed anchovy otoliths from four geographic areas in the California
Current System. If anchovies from these areas are distinct, with regard to
the relationship between otolith weight and standard length, it will
strengthen the theory that subpopulations exist.
(5)
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S111DY AREAS
Although samples have been taken at wide intervals, my study en-
compasses the entire west coast of the Californias. Samples were taken
from Humboldt Bay in northern California to Magdalena Bay, Baj a Calif-
ornia, Mexico (Figure 1). This region was divided into four smaller
areas based on ease of sampling. Area I extends from Cape San Lucas,
Baja California, Mexico, north to San Quintin, Baja California. Area II
extends from the United States-Mexican border north to Point Conception.
Area III encompasses a small area around Monterey Bay in central Calif-
ornia. Area IV encompasses a similar area around Humboldt Bay in northern
California.
METHODS AND PROCEDURES
Sampling Methods
Anchovy otoliths used in this study were collected by midwater trawls,
bottom trawls, and by sampling live bait catches and landings for reduction.
The initial collection was made with a midwater trawl, and this is the only
material that can be considered randomly collected. The intent of this
study was to compare fish of equal size from different areas, therefore,
when one area was sampled the size range of fish found in that area dictated
the size of the fish taken in the other areas.
Area I was sampled during January 1969 using the California Department
of Fish and Game vessel ALASKA. Anchovies in this area were sampled with a
50 foot midwater trawl. Samples were taken at intervals between Magdalena
Bay and San Quintin, a distance of nearly 450 miles. Thirty-three trawls
were made in Area I, but only 19 were successful in capturing anchovies.
After each successful trawl, the entire catch was placed in a metal tub
from which a bucket sample was taken. Otoliths were taken from the first
10 anchovies removed from the bucket, and information concerning their
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Figure 1. Sampling areas.
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length, sex, and state of maturity recorded. A total of 190 pairs of
otoliths was taken in this manner.
Samples from Area II were collected during June through August
1968. Live bait boats operating out of San Diego, Newport, Long Beach,
and Port Hueneme were sampled. A sample consisted of a 250g cluster
taken at sea aboard the fishing vessel. Otoliths were taken from all fish
in the cluster and information on length, sex and state of maturity re-
corded. Crooke (1969) describes the sampling plan in detail. There were
820 pairs of otoliths collected from the live bait fishery.
Nearly all anchovies sampled from Area I ranged in size from 77 mm SL
to 111 mm SL. Anchovies to 115 mm SL were taken but they were rare. The
samples from the Area II live bait fishery were examined and only those
anchovies that fell within the 77-111 rom SL range were considered. In
order to keep the sample size composition equal an arbitrary limit was
set at five anchovies for anyone length (mm SL). Of the 820 anchovies,
measured from Area II, only 113 were within the size range limits of
Area I samples. Based on the 113 anchovies selected from Area II, a
like number was chosen from the 190 samples taken in Area I, keeping the
maximum for anyone length at five. This selection process yielded two
samples of fish of equal size range, equal number, and mean lengths that
showed no difference at the significance level of 0.01.
Area III was sampled during the 1969-70 anchovy reduction season.
Samples were collected from mid-August to mid-November. A sample con-
sisted of a 250g cluster, taken when the fishing boats unloaded their catch.
Otoliths were taken from all fish sampled, and data on length, sex, and
state of maturity were recorded. There were 555 pairs of otoliths collec-
ted in Area III. Collins (1969) described the sampling plan in detail.
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These samples yielded only four anchovies within the 77-111 mm 8L range
of the anchovies from Area I. Because of this, Area II was sampled
again using existing anchovy reduction fishery samples. Only samples
collected from September 15th to November 6th were used. From these
samples (1,132 fish), 155 fish ranging in size from 106-151 rom SL were
selected at random, keeping the maximum for anyone length at five.
Based on these 155 fish from Area II, a like number was selected from
the 555 fish sampled in Area III. These two samples are equal in number,
size range, and mean length.
We now have two samples from Area II. One from the live bait fishery
with a size range of 77-111 rom SL, and the other from the reduction fish-
ery with a size range of 106-151 rom SL. It was necessary to sample Area
II again for larger fish in order to compare Areas II and III. No
anchovies smaller than 106 rom SL were found in Area III.
Area IV was sampled during October 1971 using a bottom trawl. Two
trawls were made, one inside and one outside Humboldt Bay. All 47
anchovies collected were used in the study. They ranged in size from 85
to 99 rom SL, and were compared with fish of equal size from Areas I and
II.
Otolith Weight Determination
The largest of the three pairs of otoliths, the sagittae, was used
in this study. Otoliths were removed from the fish, cleaned of any
adhering tissue, and stored in gelatin capsules. The gelatin capsules
retain moisture and will dry the otoliths (Collins and Spratt, 1969).
The otoliths were weighed as a pair using an analytical balance sensitive
to 0.1 mg. Otoliths that were deformed in any way or broken were not used.
Weights obtained ranged from 2.2 mg to 16.0 mg (Tables 1 through 5).
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Concept of Overlap
Scientists have used qualitative methods almost exclusively in
distinguishing smaller taxonomic units. Quantitative methods have
been reserved for situations where differences are not directly
apparent. SuCh is the case with determining anchovy populations. A
quantitative method must be used to determine differences. Mayr,
Linsley, and Usinger (1953) state that the mere fact that a statistical
difference exists between several populations of a species is of no
special interest to the taxonomist; he takes it for granted. Even the
lowest recognizable taxonomic category (the subspecies) is normally com-
posed of numerous populations that differ significantly. Royce (1953)
found that even with samples from closely related stocks highly significant
differences became apparent by increasing sample size or by considering
enough characters.
The presence of a significant difference by itself is of little use
without it's being quantified. Godsi1 (1948) and Schaefer (1955) used
analysis of covariance to determine that the more distant sampling areas
are from each other, the greater the differences between samples. They
show varying differences but the figures they give are not easily comparable.
Ginsburg (1938) postulated that the best means of comparing samples
was demonstrating the extent of integration or the amount of overlapping
of principal Characters. This basic concept of overlap was expanded into
a quantitative measurement by Royce (1953). I used Royce's method of
determining percent overlap in my analysis.
Royce defines overlap as the probability of correct classification of
individuals from one of two samples by use of the character in question.
No general agreement has been reached as to the meaning of different
amounts of overlap (Edwards, 1954). Ginsburg (1938) suggests an overlap
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of 20% commonly would be found between species, 60% between subspecies,
80% between races, and up to 100% between varieties. Mayr, Lins ley,
and Usinger (1953) propose the degree of overlap at the subspecific level
is 20%. Hubbs and Hubbs (1953) state the more usually accepted subspecific
difference is 50% overlap. Royce (1957) states the amount of overlap used
to reach a decision must be chosen arbitrarily or in association with
other characters. Hence it is difficult to put a direct value (subspecies,
population, etc.) on the degree of overlap, but it is possible to determine
if the areas in question contain distinct groups of anchovy.
The formula employed by Royce is:
D = Yl - Y2
s
where
D distance between sample means in terms of standard deviation.
y = mean otolith weight estimated from regression at the grand1
mean length of the two samples.
y = same as Yl but for the other sample.2
s = pooled standard deviation from regression computed from the
pooled variance of the two samples.
By using D/2, the probability of misclassifying an individual (p) may be
obtained from a table of the normal probability integral (Pearson and
Hartley, 1954). It follows that l-P will be the probability of correct
classification and varies from 0.5 (50%) with complete overlap to nearly
1.0 (100%) with no overlap.
There is another concept of overlap. This is defined as the propor-
tion of one sample that might "belong" to another specified sample. It
is the entire area under one of two curves which also is included under
the other curve when comparing normal distributions. The Greek letter
~ is assigned to this value and is expressed as a percentage. Under the
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restrictions of equal sample size and equal variance, Q = 200P. When
Q = 100%, all of one sample might belong to another. It is a complete
departure from the concept of probability of misc1assifying an individual
to the concept that a proportion of one sample may belong to another sample.
Computation of Overlap
TWo statistics, mean otolith weight and standard deviation, are re-
quired to compute overlap. Mean otolith weight is estimated from the
regression formulae and standard deviation from regression is derived
from the pooled data of areas compared. If straight line regressions
are applied to data that are curvilinear, the estimate of variance will
be excessive. The parameters I compare are length and weight, and
curvi1inearity is expected. In order to avoid more complicated curvi-
linear regression formulae, the data were divided into size groups and
compared at the grand mean length of each size group. In comparing
Areas I and II, I used four size groups: 77-84 rom SL, 85-93 rom SL,
94-102 mm SL, and 103-111 rom SL. When I compared Areas II and III,
three size groups were used: 106-119 mm SL, 120-135 mm SL, and 136-151
mm SL. Samples from Area IV were compared with Areas I and II and were
not divided into size groups since the size range of fish involved was
only 15 rom. Data may be compared in this manner with little fear of
erratic results due to curvilinear regression (Royce, 1953). Conse-
quent1y, separate regression formulae were calculated for all size
groups in each Area (Table 6). The point where each size groups re-
gression line crosses the grand mean length of the size group is the
estimated mean otolith weight (Y1 and Y2) of the respective sample.
These values (Y1 and Y2) are substituted in the overlap formula with
the pooled standard deviation (s) and ultimately yield P (probability
of missclassification) and ~ (percent of one sample that may belong to
another).
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TABLE 1. Anchovy Otolith Weights From Area I
nun 8L Oto. Wt. mg. nun 8L Oto. Wt. mg. nun 8L Oto. Wt. mg.
77 3.6 89 6.0* 97 6.2*
78 3.8 89 5.3* 98 6.6
78 3.1 89 5.0* 98 6.4*
79 4.6 89 4.5* 98 5.7*
79 4.4 89 4.0* 98 5.3
80 3.9 90 5.3* 99 6.6
80 3.4 90 5.2* 99 6.0*
81 4.8 90 5.2* 99 5.9
81 3.8 90 4.6* 99 5.5*
82 4.6 91 5.9* 99 4.6
82 4.0 91 5.6* 100 6.6
82 4.0 91 5.5* 100 6.4
82 3.5 91 5.3* 100 6.3
83 5.1 91 4.4 100 6.2
83 4.9 92 7.1* 100 6.0
83 4.6 92 6.1* 101 5.8
83 3.8 92 6.0* 101 5.6
84 4.8 92 5.4* 101 4.6
84 4.3 92 5.0* 102 7.7
85 4.9 93 6.4* 102 6.4
85 4.0* 93 6.4* 102 5.7
85 4.0 93 5.8* 103 7.4
85 3.6* 93 4.5* 103 7.2
85 3.4 94 6.4* 103 6.8
86 5.1 94 6.2* 103 5.0
86 4.9 94 4.8* 104 6.0
86 4.9* 94 4.7* 105 7.0
86 4.8 95 6.3* 105 6.5
86 4.7 95 6.2* 105 6.2
87 6.0 95 5.4* 105 6.0
87 5.0 95 5.3* 105 5.4
87 4.9 95 5.3* 107 5.8 .
87 4.2 96 7.1 108 7.0
88 5.7* 96 6.3* 109 7.2
88 5.4* 96 6.0* 109 6.6
88 5.2* 96 5.8 111 8.5
88 5.0* 97 6.4* 111 6.9
88 4.2 97 6.3*
mean 92.9 5.43
* These otoliths were used in comparison with Area IV.
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TABLE 2. Anchovy Otolith Weights From Live-Bait Samples in Area II
rom SL Oto. Wt. mg. rom SL Oto. Wt. mg. rom SL Oto. Wt. mg.
77 2.6 89 4.6* 98 4.8*
78 3.2 89 4.5* 98 4.4
78 2.4 90 5.5* 99 5.7
79 3.6 90 4.6* 99 5.6
80 3.8 90 4.6* 99 5.2*
80 3.2 90 4.2* 99 5.2*
81 4.8 91 5.4* 99 4.6
81 4.5 91 5.3* 100 5.3
82 3.9 91 5.0* 100 5.2
82 5.0 91 4.7 100 4.9
82 4.8 91 4.5* 100 4.8
82 3.9 92 4.8* 100 4.6
83 5.5 92 4.8* 101 5.2
83 4.9 92 4.8* 101 5.1
83 4.5 92 4.8* 101 5.0
83 4.4 92 3.6* 102 5.7
83 4.0 93 5.7* 102 5.5
84 4.2 93 5.5* 102 5.0
84 3.8 93 4.8* 103 5.4
85 4.9 93 4.4* 103 5.0
85 4.8* 94 5.8* 103 4.6
85 4.0 94 5.7* 103 4.5
85 3.8* 94 4.8* 104 5.6
85 3.1 94 4.8* 104 5.0
86 5.4 95 4.8* 104 4.8
86 4.7 95 4.6* 105 5.5
86 4.6* 95 4.6 * 105 5.0
86 4.5 95 4.4 * 105 4.8
87 4.7 96 5.5 105 4.7
87 4.0 96 5.3* 107 5.4
87 4.0 96 5.0 * 107 4.9
88 4.4* 96 5.0 108 5.8
88 4.2* 97 6.1 * 109 6.3
88 4.1* 97 5.1 * 109 5.9
88 4.0* 97 4.8 * III 6.4
89 5.2* 97 4.4 111 5.8
89 4.9* 98 5.5 III 5.0
89 4.7* 98 4.9 *
mean 93.4 4.78
* These otoliths were used in comparison with Area IV.
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TABLE 3. Anchovy Otolith Weights From Reduction Fishery Samples in Area II
mm SL Oto. Wt. mg. rom 5L Oto. Wt. mg. mm SL Oto. Wt. mg.
106 5.2 125 7.1 136 7.8
107 6.5 126 8.7 137 8.7
110 6.2 126 7.2 137 10.8
111 6.4 126 8.6 137 8.4
112 6.6 126 8.6 137 9.7
112 5.1 126 8.6 137 9.9
112 6.9 127 7.1 138 9.2
113 5.3 127 7.5 138 5.8
114 6.5 127 7.8 138 8.9
114 7.6 127 7.8 138 8.6
115 6.3 127 7.5 138 7.2
115 6.2 128 6.8 139 8.7
115 5.8 128 6.5 139 10.4
115 7.0 128 7.0 139 9.1
116 7.0 128 7.2 139 6.6
116 7.2 128 6.7 139 8.6
116 7.4 129 8.5 140 7.0
117 8.0 129 7.7 140 7.5
117 8.8 129 8.7 140 10.6
117 6.6 129 8.4 140 8.3
117 6.1 129 6.6 141 9.8
118 8.1 130 7.4 141 9.1
118 7.1 130 6.8 141 8.2
118 7.1 130 7.4 141 8.9
118 6.8 130 8.7 141 10.2
119 9.0 130 7.9 142 11.2
120 7.0 131 8.7 142 12.8
120 7.1 131 6.8 142 9.9
120 7.3 131 9.0 142 10.0
120 6.6 131 9.0 142 7.3
120 6.1 131 9.8 143 9.2
121 7.5 132 8.4 143 9.3
121 6.8 132 9.1 143 10.8
121 5.8 132 7.9 143 9.2
122 6.6 132 9.2 143 8.8
122 7.6 132 8.5 144 10.6
122 7.8 133 8.9 144 14.4
122 6.3 133 8.8 144 8.9
122 8.4 133 12.2 145 9.8
123 7.3 133 9.4 145 10.2
123 6.6 133 7.2 145 10.6
123 6.9 134 7.8 146 10.3
123 7.3 134 7.8 146 9.2
123 7.8 134 7.8 146 10.9
124 7.5 134 6.3 148 11.2
124 7.4 135 9.5 149 9.3
124 7.6 135 7.9 149 10.8
124 7.0 135 7.2 149 10.0
125 7.7 135 9.4 150 9.6
125 7.1 135 10.2 150 12.0
125 6.7 136 8.0 151 13.2
125 10.6 136 7.3
mean 130.3 8.22
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TABLE 4. Anchovy Otolith Weights from Reduction Fisheries Samples in Area III
mm SL Oto. Wt. mg. rom SL Oto. Wt. mg. mm SL Oto. Wt. mg.
106 6.8 125 5.5 136 8.3
107 6.4 126 6.3 137 9.3
110 6.2 126 8.2 137 8.3
111 6.5 126 6.8 137 7.9
112 4.5 126 6.8 137 6.4
112 8.2 126 6.6 137 8.8
112 5.5 127 7.3 138 11.0
113 6.4 127 6.8 138 7.8
114 5.8 127 7.3 138 10.2
114 7.3 127 5.4 138 7.0
115 5.9 127 6.5 138 9.2
115 5.9 128 6.5 139 8.5
115 6.0 128 6.0 139 8.9
115 5.9 128 8.5 139 9.1
116 7.0 128 7.8 139 8.7
116 6.2 128 6.6 139 6.5
116 6.8 129 6.4 140 6.9
117 6.0 129 8.8 140 7.9
117 5.8 129 8.0 140 7.5
117 6.8 129 5.0 140 11.4
117 7.4 129 6.8 141 6.8
118 6.0 130 9.4 141 10.7
118 5.5 130 8.9 141 9.1
118 7.3 130 7.9 141 7.4
118 7.8 130 8.5 141 9.1
119 8.2 130 8.5 142 8.7
120 6.6 131 7.0 142 8.3
120 7.1 131 7.5 142 7.4
120 7.9 131 9.8 142 7.7
120 7.0 131 7.9 142 8.9
120 6.6 131 8.5 143 8.0
121 7.6 132 7.9 143 9.0
121 6.8 132 7.5 143 8.8
121 6.6 132 10.6 143 9.3
122 6.4 132 7.0 143 9.5
122 6.5 132 6.8 144 7.1
122 6.7 133 7.3 144 10.8
122 7.8 133 11.0 144 8.3
122 7.3 133 7.3 145 10.0
123 7.2 133 8.2 145 7.2
123 6.8 133 9.2 145 8.0
123 7.8 134 6.0 146 10.4
123 8.7 134 9.9 146 8.8
123 8.0 134 7.3 146 9.3
124 5.5 134 6.8 148 10.6
124 6.4 135 7.3 149 9.7
124 7.5 135 7.2 149 16.0
124 6.7 135 10.6 149 9.8
125 12.4 135 6.2 150 10.2
125 8.9 135 6.2 150 7.7
125 6.8 136 8.6 151 9.0
125 8.8 136 10.5
mean 130.3 7.80
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TABLE 5. Anchovy Otolith Weights From Bottom Trawl Samples in Area IV
mID SL Oto. Wt. mg. mm SL Oto. Wt. mg. mID SL Oto. Wt. mg.
85 2.7 91 2.1 94 3.7
85 3.2 91 2.8 95 2.8
86 2.2 91 3.1 95 3.0
88 2.5 91 3.4 95 3.7
88 2.7 92 2.8 95 3.9
88 3.4 92 2.8 95 4.0
88 3.5 92 3.0 96 3.7
89 2.5 92 3.1 96 3.8
89 2.5 92 3.3 97 3.5
89 3.0 93 3.3 97 3.7
89 3.1 93 3.4 97 3.7
89 3.4 93 3.5 98 3.1
90 3.0 93 3.7 98 4 ..2
90 3.1 94 2.5 99 4.1
90 3.3 94 2.8 99 4.4
90 3.5 94 3.2
mean 92.2 3.22
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TABLE 6. Linear regression formulae and pooled standard error of the estimate for
all groups. >,
Area I Area II
Pooled standard
deviation from regression
--------------------------------------------'-
Group 1
(77-84 111II1 8L)
Group 2
(85-93 mm 8L)
Group 3
(94-102 mm 8L)
Group 4
(103-111 mm 8L)
y • -7.2292 + .1404 (X)
y = -11.3825 + .1854 (X)
y = 1.0820 + .0499 (X)
y = -7.6844 + .1347 (X)
Area I
y --17.6365 + .2669 (X) .532
y = -3.0337 + .0859 (X) .628
y = 2.7116 + .0242 (X) .706
y = -8.3570 + .1285 (X) .885
Area IV
Group 1
(85-99 mm 8L) y = -5.6495 + .1210 (X)
Area II
y = -4.8247 + .0872 (X)*
Area III
1.255
Group 1
(106-119 mm 8L)
Group 2
(120-135 mm 8L)
Group 3
(136-151 mm 8L)
Group 1
(85-99 mm 8L)
y = -22.5570 + .2554 (X) Y = 2.0972 + .0381 (X)
Y = -7.5383 + .1203 (X) Y =-1.2310 + .0685 (X)
Y = -21.1723 + .2161 (X) Y = -7.6994 + .1168 (X)
Area II Area IV
y = -.9873 + .0630 (X) Y = -4.6451 + .0852 eX)
.852
1.157
1.466
.917
* This formula from Area IV was computed from 46 fish.
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RESULTS
The probability of correctly classifying an anchovy sample of
unknown origin into 1 of 2 areas is 0.5 with no information at all.
Differences found in otolith weights significantly improve this proba-
bility.
The highest probability of correct classification (.82) occurred
between Areas I and IV (Table 7), indicating these areas are distinct.
Areas II and IV also had a high probability of correct classification
(.81) indicating these Areas are also distinct (Table 8).
The fish sampled from Area I were compared with the live bait samples
from Area II. The samples from each area were divided into four similar
size groups and each size group compared individually. The probability
of correct classification increased with larger fish and reached .77
in size group IV (Table 9). The increasing difference in otolith weights
with larger fish suggests different growth rates for each Area, indicating
fish in these Areas also are distinct.
The samples from Area III were compared with reduction fishery samples
from Area II. Samples from both areas were divided into three size groups.
All three size groups appeared to be homogeneous with the probability of
correct classification ranging from .55 in size group II to .58 in size
group III (Table 10).
No comparisons could be made between Areas I and III or III and IV
because fish of equal size could not be found.
mNCLUS IONS
From variation in otolith weight it was possible to determine the
following three distinct areas: (1) central Baja California, Area I;
(2) southern and central California, Areas II and III; and (3) northern
-20-
TABLE 7 - Probability of correct classification
between areas I and IV.
Group I
SIZE RANGE (mm SL)
GRAND MEAN LENGTH
Y1 (area I)
estimated otolith weight
from regression at grand
mean length
Y2 (area IV)
Pooled standard deviation
from regression
D
P (probability of
misclassification)
1-P (probability of
correct classification)
rl (200P)
85-99
92.28
5.52
3.23
2.29
1.2549
1. 825
.912
.182
.818
36.4%
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TABLE 8 - Probability of correct classification
between areas II and IV.
38.2%
.809
.878
.191
.917
1. 756
1.61
3.21
4.82
Group I
85-99
92.22
1-P (probability of
correct classification)
Y2 (area IV)
D
Y1 (area II)
estimated otolith weight
from regression at grand
mean length
SIZE RANGE (rom SL)
Q (200P)
GRAND MEAN LENGTH
P (probability of
misclassification)
Pooled standard deviation
from regression
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TABLE 9 - Probability of correct classification between area I and II.
Group I Group II Group III Group IV
SIZE RANGE (mm SL) 77-84 85-93 94-102 103-111
GRAND MEAN LENGTH 81. 18 89.01 97.84 106.08
y 1 (area I)
estimated otolith weight 4.169 5.120 5.964 6.608from regression at grand
mean length
Y2 (area II) 4.030 4.612 5.079 5.274
Yl - Y2 .139 .508 .885 1.334
Pooled standard deviation
.532 .628 .706 .885from regression
D .261 .809 1.254 1.507
D/2 .130 .404 .627 .753
P (probability of
.449 .343 .266 .226
misclassification)
I-P (probability of
correct classification) .551 .657 .734 .774
n (200P) 89.8% 68.6% 53.2% 45.2%
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TABLEI0 - Probability of correct classification between area II and III.
Group I Group II Group III
8IZE RANGE (rom 8L) 106-119 120-135 136-151
GRAND MEAN LENGTH 114.54 127.63 141. 86
y 1 (area II)
estimated otolith weight 6.70 7.81 9.48from regression at grand
mean length
Y2 (area III) 6.46 7.51 8.87
Yl - Y2 .24 .30 .61
Pooled standard deviation
from regression .852 1.157 1.466
D .282 .259 .416
D/2 .141 .130 .208
P (probability of
.445 .449 .418
misclassification)
I-P (probability of
.555 .551
correct classification) .582
&1 (200P) 89.0% 89.8% 83.6%
-24-
California, Area IV. The location of these three areas shows a positive
correlation with the genetic study by Vrooman (National Marine Fisheries
Service, pers. comm.), who was able to distinguish three similar groups
of anchovies.
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